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@ Method and apparatus for providing wireless communications between remote locations. 



@ A wireless telecommunication system includes a microwave link between a main base station (100) 
and a remote reception and radiation site (108) capable of communicating with a plurality of telephone 
subscriber stations (107. 108). At the main base station (100), radio frequency signals intended for the 
telephone subscriber stations are modulated on a microwave frequency carrier signal prior tiielr 
transmission, via a microwave antenna (112), to the remote site. At tiie remote site (106), the frequencies 
of the microwave signals, receh^ed at a microwave antenna (114), are reduced prior to modulating such 
frequency-reduced signals on a radio frequency carrier signal and radiating, via a radio frequency 
antenna (115), tiie modulated radio signals out of ttie site. All radk) signals received at Uie remote site 
from telephone subscriber stations are modulated on a microwave carrier signal prior to tiieir 
transmission, via a microwave antenna (114), to the main base station (100). At the main base station 
(100), tiie frequencies of the incoming microwave signals are reduced prior to modulating such 
frequency-reduced signals on a radio frequency canrier signal and coupling the modulated radio signals 
to a receiver. 
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Technical Field 

The present invention generally relates to wire- 
less communications systems and, more particularly, 
to techniques for providing wireless telecommuni- 
cations between a main base station and a remote 
location which includes, for example, a mobile radio 
reception and radiation cellular site. 

Background of the Invention 

In high capacity cellular mobile radiotelephone 
systems, a plurality of base stations, also referred to 
as cell sites, are arranged so that each cell site covers 
a respective geographical area called a cell. Typically, 
each such cell site contains a radio transmitter-recei- 
ver and is directiy wired to a nwbile telephone switch- 
ing office (MTSO) which in turn is part of a regional or 
nationwide network of telephone switching offices. 
One example of such cell site is the AT&T Series I cell 
sites (Model 1 and Model 2 architecture) used in the 
family of AUTOPLEX® cellular telecommunications 
systems which are commercially available from the 
American Telephone and Telegraph Company of New 
York, N.Y. Because of increased demands for more 
radio channels resulting from a growing cellular cus- 
tomers base, cellular telephone service providers 
often desire to expand their networks to service an 
increasing number of subscriber statbns within a 
geographical location. 

Various solutions to meet the foregoing need 
have suggested placing ceil site antennas geographi- 
cally very close to the potential locations of mobile or 
portable subscriber stations and carrying signals be- 
tween the cell site and its remote antennas over either 
coaxial transmission lines or an optical fiber cable net- 
work Interconnecting the cell site and its antennas. 
One such microcellular communication system 
Includes optical fiber connectbns between a cellular 
base station and a plurality of radio frequency anten- 
nas. Such optical fiber links operate satisfactorily for 
their intended purposes for which they were originally 
designed. However, due to rapid growth of cellular 
customer demands combined with the requirements 
of quickly, reliably and cost-effectively providing cel- 
lular service to customers either on a pemnanent basis 
or on a temporary one, such as for example in case 
of emergencies, there exists a need for a more flexi- 
ble, lower-cost and more easily and quickly expand- 
able communication system than now exists with 
commercially available equipments. 

Summary of the Invention 

The foregoing need is met in an embodiment of 
the invention wherein a method for providing wireless 
communications between a main base station of a 
type capable of being connected to a telephone net- 



work and at least one remote reception and radiation 
site of a type capable of communicating with a 
plurality of telephone subscriber stations over pre- 
determined radio frequencies comprises the steps of 

5 reducing the frequency of radio signals which are 
intended for the telephone subscriber stations to a 
lower frequency range, amplifying the frequency-re- 
duced signals, modulating the amplified signals on a 
microwave frequency canier signal, amplifying the 

10 microwave frequency modulated signals, and coupl- 
ing the amplified microwave signals to a microwave 
antenna for transmission to the remote reception and 
radiation site. 

In accordance with anotiier embodiment, a 

15 method for receiving wireless communications sig- 
nals at the main base station from tiie remote recep- 
tion and radiation site comprises tiie steps of 
receiving at the microwave antenna of tiie main base 
statk)n incoming microwave signals, amplifying the 

20 received microwave signals, reducing tiie frequency 
of tiie amplified signals to a substantially lower fre- 
quency range which includes the subscriber stations 
predetermined radio frequencies, amplifying the fre- 
quency-reduced signals, modulating the amplified fre- 

25 quency-reduced signals on a radio frequency canier 
signal to generate radio frequency signals, and cou- 
pling tiie generated radio frequency signals to a 
receiver within the main base station. 

In accordance with a further embodiment, a 

30 method for fransmitting from the reception and radi- 
ation site a plurality of radio telecommunications sig- 
nals having predetermined radio frequencies and 
Intended for a plurality of telephone subscriber sta- 
tions comprises the steps of receiving at the site 

35 Incoming microwave signals, reducing the fre- 
quencies of the received microwave signals to sut>- 
stantially lower frequencies thereby generating 
intermediate signals, modulating tiie intenmediate sig- 
nals on a canrier signal having a frequency selected 

40 from the predetenmined radio frequencies, and coupl- 
ing the modulated radio signals to a radio frequency 
antenna. 

In accordance with a still further embodiment, a 
method for processing at the reception and radiation 

45 site a plurality of radio telecommunications signals 
having predetermined radio frequencies comprises 
tiie steps of receiving at the site incoming radio sig- 
nals, reducing the frequencies of the received radio 
signals to lower frequencies to generate intermediate 

50 signals, modulating the Intemnediate signals on a 
microwave frequency cam'er signal, and coupling the 
modulated microwave signals to a microwave fre- 
quency antenna. 

In one Illustrative embodiment of the invention, 

55 transmitting apparatus at the main base station conv 
prise a frequency downconverter for reducing the fre- 
quency of cellular radio signals intended for a mobile 
subscriber sation, and a modulator for modulating the 
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frequency-reduced signals on a microwave carrier for 
transmission to a remote mobile radio reception and 
radiation cellular site. Receiving apparatus at the 
main base station comprise a frequency downconver- 
ter for substantially reducing the frequency of the 5 
microwave signals received at the base station, and 
a modulator for modulating such frequency-reduced 
signals on a radio frequency earner signal. 

In another illustrative embodiment of the inven- 
tion, the mobile radio reception and radiation cellular io 
site comprises a first antenna for receiving/transmit- 
ting mobile radio signals having frequencies in a first 
range of frequencies, a second antenna for receiv- 
ing/transmitting microwave signals having fre- 
quencies in a second range of frequencies that are is 
substantially higher than the frequencies in the first 
range of frequencies, a frequency converter coupled 
to the second antenna for substanbally reducing the 
frequencies of received microwave signals thereby 
generating intenfnediate signals, a modulator coupled 20 
to the frequency converter for modulating the inter- 
mediate signals on a radio frequency carrier signal 
and coupling the modulated radio signals to the first 
antenna. The site further comprises a second fre- 
quency converter coupled to the first antenna for 25 
reducing the frequencies of received mobile radio sig- 
nals thereby generating second intermediate signals, 
a second modulator coupled to the second frequency 
converter for nrK)dulatlng the second intermediate sig- 
nals on a microwave frequency carrier signal and cou- 30 
pling the modulated microwave signals to the second 
antenna. 

Brief Description of the Drawings 

35 

Further features and advantages of the present 
invention will become apparent from the following 
detailed description talcen together with the drawings 
in which: 

FIG. 1 is an illustrative configuration of a main 40 
base station in wireless communications with a 
plurality of remote sites; 

FIG. 2 is a functional blod^ diagram represen- 
tation of portions of a main station in accordance 
with one aspect of the invention; and 45 
FIG. 3 is a functional block diagram represen- 
tation of a remote site in accordance with another 
aspect of the invention. 

Detailed Doscription 50 

Shown in FIG. 1 is a schematic illustration of a 
wireless teleconrununications system in accordance 
with an embodiment of the invention comprising a 
main base station 1 00 adapted to transmit and receive 55 
communications signals to and from various remote 
geographical areas or regions, such as regions 101 
and 102. The main base station 100 is coupled, via a 



communication link 103, to a telephone switching 
ofHce 104, for example, a mobile telephone switching 
office (MTSO) of a commercially available type. The 
telephone switching office 104 is turn connected, via 
a communication link 1 05, to the public telephone net- 
work. Located within the geographical region 101 is a 
reception and radiation site 106 designed to receive 
communications signals from the base station 100 
and transmit/radiate signals to a plurality of subscriber 
telephone stations located within the region 101. The 
subscriber stations may include several fixed tele- 
phone stattons, which are illustratively shown as fixed 
stations 107, and/or a plurality of mobile telephone 
stations, such as mobile stations 108. Similariy, the 
region 102 includes a reception and radiation site 109 
also adapted to receive incoming signals from the 
main base station 100 and radiate outgoing signals to 
vartous subscriber telephone stabons 1 1 0 and 1 1 1 of 
a type similar to stations 1 07 and 108 associated with 
the region 101. 

In order to establish bidirectional communi- 
cations links between the main base station and the 
remote sites, the main base station 100 comprises at 
least one microwave antenna 1 12 which is adapted to 
transmit and receive microwave communication sig- 
nals to and from the remote reception and radiation 
sites 106 and 109. Alternatively, the main base station 
100 may comprise at least two microwave antennas 
(not shown), one designed as a transmitting antenna 
and the other as a receiving antenna. The remote site 
1 06 includes at least one microwave antenna 114 and 
at least one radio frequency antenna 115. The micro- 
wave antennas 112 and 114 are used to establish a 
bidirectional microwave link between the main base 
station 100 and the remote site 106. The radio fre- 
quency antenna 1 15 is used to establish bidirectional 
radio frequency links between the site 106 and the 
antennas associated with each subscriber telephone 
stations 1 07, 1 08 to be served within the geographical 
region 101. Similariy, the reception and radiation 
remote site 109 comprises at least one microwave 
antenna 116 and a radio frequency antenna 117. 
Microwave antennas 112 and 116 are used to estab- 
lish a bidirectional microwave link between the main 
base station 100 and the remote site 109 which is 
intended to serve subscriber telephone stations 110 
and 111 within the region 102. Bidirectional radio 
communications between the site 109 and the sub- 
scriber telephone stations 110 and 111 are achieved 
via the radio frequency antenna 117. 

As mentbned above, it js well within the spirit and 
scope of the present invention to replace each of the 
microwave antennas112, 114and 116withaplurality 
of microwave antennas depending upon the differ- 
ence in frequency between transmission and recep- 
tion microwave signals at the main base station 100 
and at each of the remote sites 106 and 109. 

Referring now to FIG. 2, there is shown, in func- 
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tional block diagram form, only certain portions of the 
main base station 100 useful in the understanding of 
one embodiment of the invention. The main base sta- 
tion 100 comprises a transmitter portion and a 
receiver portion. Communication signals between the 5 
MTS0 104 and the various telephone subscriber sta- 
tions 107, 108. 110 and 111, shown in FIG. 1. are 
derived from, as well as detected at radio channel 
units within the main base station 100 of which one 
such radio channel unit 200 is illustratively shown. In io 
the transmitter portion of the main base station 100. 
radio signals to be transmitted to distant telephone 
subscriber stations are present on output lead 201 of 
radio channel unit 200. In the receiver portion of the 
main base station 100. radio signals received from is 
distant telephone subscriber stations are present on 
input lead 212 of radio channel unit 200. Typically, the 
transmission radio signals present on lead 201 have 
frequencies that differ from those of reception radio 
signals present on lead 212. In connection with cellu- 20 
lar mobile telephone communications, a typical trans- 
mission radio frequency for outgoing signals on lead 

201 is of the order of 870 IWHz, while a typical recep- 
tion radb frequency for incoming signals on lead 212 

is of the order of 825 MHz. In accordance with one 25 
aspect of the invention, the frequency of the outgoing 
signals present on lead 201 is reduced by a frequency 
downconverter 202 to a frequency range of the order 
of the frequency band of the remote site, e.g.. 108, to 
which such outgoing signals are intended. For pur- 30 
pose of illustration only, in connection with the forego- 
ing example, the 870 MHz frequency of the outgoing 
radio signals may be reduced by the downconverter 

202 to about 2 MHz. Next, in such case, the 2 MHz fre- 
quency-reduced signals are amplified via amplifier 35 

203 and applied to a modulator 204 adapted to mod- 
ulate the frequency-reduced signals on a microwave 
frequency canier signal. The frequency of tfie latter 
may be selected from any of the nomially used micro- 
wave frequency bands, e.g., the 18 GHz band. The 40 
output signals of the modulator 204 are preferably 
coupled to a microwave amplifier 205 prior to coupling 

to the microwave antenna 1 12 via a microwave dup- 
lexer 206. Given desired frequency ranges and 
bands, the downconverter 202. the amplifiers 203 and 45 
205, the modulator 204 and the duplexer 206 can be 
selected from any commercially available circuits 
meeting desired frequency and amplification par- 
ameters. 

As shown in FIG. 2, the receiver portion of the so 
main base station 100 includes a microwave amplifier 
207 coupled to the duplexer 206 and adapted to 
amplify incoming microwave signals received at the 
antenna 112. In accordance with another aspect of 
the invention, a frequency downconverter circuit 208 55 
has an input coupled to the output of amplifier 207 so 
that ttie frequency of the incoming microwave signals 
received at tiie antenna 112 is substantially reduced 



to a frequency range of tiie order of the frequency 
band of a remote site, e.g.. 106 or 109, from which the 
incoming microwave signals originate. Refening to 
the above-mentioned example, the output signals of 
the downconverter 208 may have a frequency of the 
order of 2 MHz. Such substantially reduced frequency 
signals are next amplified via amplifier 209 and 
applied to a modulator 210 adapted to modulate them 
on a radio freque ncy carrier signal. It may be desirable 
to connect a second amplifier circuit (not shown) to 
the output of tiie modulator 210 if the amplitudes of the 
modulated radio frequency signals, as generated by 
the modulator 210 and present on the lead 212. are 
of insufficient magnitudes for further processing by 
the radio channel unit 200. 

Although the embodiment of FIG. 2 was des- 
cribed with reference to a single microwave antenna 
1 12 and an associated duplexer 206. separate trans- 
mission and reception microwave antennas can rea- 
dily be substituted for the antenna 112 thus 
eliminating ttie need for duplexer 206. 

Referring now to FIG. 3, there is shown, in func- 
tional block diagram form, various circuit elements 
included in the remote reception and radiation site 
106. As mentioned in connection with the description 
of the arrangement shown in FIG. 1, the microwave 
antenna 1 14 is adapted to receive and fransmit micro- 
wave signals, respectively, from and to the main base 
station. A duplexer circuit 301 , such as for example a 
microwave circulator of commercially available type, 
is connected to the antenna 1 14 so that the site 106 
comprises two portions, namely a microwave 
receive/radio transmit portion 302, and a radio 
receive/microwave transmit portion 303 both coupled 
to the antenna 1 14. In accordance witii an illustrative 
embodiment, the portion 302 includes a frequency 
downconverter 304, having an input terminal coupled 
to one output of the duplexer 301, for substantially 
reducing the frequency of the microwave signals 
received at tine antenna 114 and generating inter- 
mediate signals, present on downconverter output 
lead 305. These Intennediate signals are connected 
to a modulator circuit 306 for modulating them on a 
canrier radio signal having a predetermined frequency 
selected from the frequency band used for radio 
transmission of signals Intended for ttie subscriber 
telephone stations served by the site 106. An amplifier 
circuit 307, preferably a linear amplifier, and a dup- 
lexer 308 are connected between the output of the 
modulator circuit 306 and the radio antenna 115. 
Shown in FIG. 3,, are two filter circuits 309 and 310 
that may be optimally Inserted in the circuit of the por- 
tion 302 depending upon the frequency bands des- 
ired, respectively, for the intemrtediate signals and for 
the modulated radio signals. 

As shown in FIG. 3, the other portion of the recep- 
tion and radiation site 106. i.e., the radio 
receive/microwave transmit portion 303, includes a 
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frequency downconverter 31 1 for reducing the fre- 
quency of radio signals received at the radio antenna 
115, and for generating second intermediate signals 
on lead 312. A modulator circuit 313 is coupled to the 
downconverter 311 for modulating the Intenmediate s 
signals present on lead 312 on a microwave fre- 
quency carrier signal. The modulated signals are 
coupled to the microwave antenna 114 via an 
amplifier 314 and the duplexer 301. Also shown in 
FIG. 3, are filter circuits 31 5, 316 and 317 that may be io 
optionally inserted in the circuit of portion 303 depend- 
ing upon the respective frequency bands desired at 
various points along this circuit. 

The above embodiment of FIG. 3 was described 
with reference to a single antenna 114 and an is 
associated duplexer 301 for implementing both the 
reception and transmission of microwave signals. 
Also, a single radio antenna 115. in association with 
a duplexer 308, is shown to implement both the trans- 
mission and reception of radio signal. Clearly, a trans- 20 
mit antenna and a receive antenna can readily be 
substituted for each of the antennas 114 and 115 thus 
rendering unnecessary their associated dupiexers 
301 and 308. 

Although the present invention has been des- 25 
cribed in connection with particular embodiments 
thereof, additional embodiments, modifications and 
applications which will be apparent to those skilled in 
the art are included within the spirit and scope of the 
Invention. 30 



Claims 

1 . A method for providing wireless comnnunlcations 35 
between a main base station (1 00) of a type cap- 
able of being connected to a telephone network 
(104) and at least one remote reception and radi- 
ation site (106) of a type capable of communicat- 
ing with a plurality of telephone subscriber 40 
stations (107,108) over predetermined radio fre- 
quencies, CHARACTERISED BY reducing the 
frequency of radio signals which are Intended for 

the telephone subscriber stations to a tower fre- 
quency range, amplifying the frequency-reduced 45 
signals, modulating the amplified signals on a 
microwave frequency carrier signal, amplifying 
the microwave frequency modulated signals, and 
coupling the amplified microwave signals to a 
mfcrowave antenna (1 12) for transmission to the so 
remote reception and radiation site. 

2. A method as claimed in daim 1 wherein the fre- 
quency reducing step comprises the step of 
reducing the frequency of the radio signals to a 55 
frequency range of the order of the frequency 
band of the renDote reception and radiation site. 



3. A method for receiving wireless communications 
signals at a main base station (100) of a type cap- 
able of being connected to a telephone network 
(1 04) from at least one remote reception and rad h 
ation site (106) of a type capable of communicat- 
ing with a plurality of telephone subscriber 
stations (107,108) over predetenmined radio fre- 
quencies, CHARACTERISED BY receiving at a 
microwave antenna (112) of the main base sta- 
tion incoming microwave signals, amplifying the 
received microwave signals, reducing the fre- 
quency of the amplified signals to a substantially 
lower frequency range which comprises the sub- 
scriber stations predetermined radio frequencies, 
amplifying the frequency-reduced signals, mod- 
ulating the amplified frequency-reduced signals 
on a radio frequency canrier signal to generate 
radio frequency signals, and coupling the gener- 
ated radio frequency signals to receiving means 
(200) within the main base station. 

4. A method for transmitting from a reception and 
radiation site (106) a plurality of radio telecom- 
munications signals having predetermined radio 
frequencies and intended for a plurality of tele- 
phone subscriber stations (107,108), CHARAC- 
TERISED BY receiving at the site incoming 
microwave signals, reducing the frequencies of 
the received mrcrowave signals to substantially 
lower frequencies thereby generating Inter- 
mediate signals, modulating the Intermediate sig- 
nals on a carrier signal having a frequency 
selected from the predetemrtlned radio fre- 
quencies, and coupling the nrK)dulated radio sig- 
nals to a radk) frequency antenna (115). 

5. A method as claimed in daim 4 wherein the fre- 
quency reducing step comprises the step of 
generating the intemnedlate signals having fre- 
quencies In a frequency range of the order of the 
frequency band of the telephone subscriber sta- 
tions. 

6. A method for processing at a reception and radi- 
ation site (106) a plurality of radio telecommuni- 
cations signals having predetenmined radio 
frequencies, comprising the steps of receiving at 
the site Incoming radio signals, reducing the fre- 
quencies of the received radio signals to lower 
frequencies to generate intemnediate signals, 
modulating the intenmediate signals on a micro- 
wave frequency canrier signal, and coupling the 
modulated microwave signals to a microwave fre- 
quency antenna (114). 

7. Apparatus for providing wireless communications 
between a main base station (100) of a type cap- 
able of being connected to a telephone network 
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(104) and at least one remote reception and radi- 
ation site (106) of a type capable of communicat- 
ing with a plurality of telephone sut>scriber 
stations (107.108) CHARACTERISED IN THAT 
the apparatus comprises means (202) for reduc- 5 
ing the frequency of radio signals intended for the 
telephone subscriber stations to a lower fre- 
quency range, means (203) for amplifying the fre- 
quencynreduced signals, means (204) for 
modulating the amplified signals on a microwave io 
frequency carrier signal, means (205) for amplify- 
ing the microwave frequency modulated signals, 
and means (208) for coupling the amplified micro- 
wave signal to a microwave antenna (112) for 
transmission to the remote reception and radi- is 
ation site. 

8. Apparatus as claimed in claim 7 wherein the 
lower frequency range is of the order of the fre- 
quency band of the renrote reception and radi- 20 
ation site. 



for modifying the intermediate signals on a radio 
frequency carrier signal, and means (308) for 
coupling the modulated radio signals to the first 
antenna. 

12. A reception and radiation site (106) CHARAC- 
TERISED BY a first antenna (115) for receiving 
radio signals having frequencies in a first range of 
frequencies, a second antenna (1 14) for transmit- 
ting microwave signals having frequencies in a 
second range of frequencies that are substan- 
tially higher than the frequencies in the first range 
of frequencies, means (31 1) coupled to the first 
antenna for reducing the frequencies of the 
received radio signals thereby generating inter- 
mediate signals, means (313) coupled to the fre- 
quency reducing means for modulating the 
intenmediate signals on a microwave frequency 
carrier signal, and means (301) for coupling the 
modulated microwave signals to the second 
antenna. 



9. Apparatus for receiving wireless communications 
at a main base station (100) of a type capable of 
being connected to a telephone network (104) 25 
from at least one remote reception and radiation 

site (106) of a type capable of communicating 
with a plurality of telephone subscriber stations 
(107.108). CHARACTERISED IN THAT the 
apparatus comprises means (112) for receiving at 30 
the main base station incoming microwave sig- 
nals, means (207) for amplifying the received 
microwave signals, means (208) for reducing the 
frequency of the amplified signals to a substan- 
tially lower frequency range, means (209) for 35 
amplifying the frequency-reduced signals, and 
means (210) for modulating the amplified fre- 
quency-reduced signals on a radio firequency car- 
rier signal thereby generating radio frequency 
signals. 40 

10. Apparatus as claimed in daim 9 wherein the sub- 
stantially lower frequency range is of the order of 
the frequency band of the telephone subscriber 
stations. 45 

11. A reception and radiation site (106) CHARAC- 
TERISED BY a first antenna (1 1 5) for transmitting 
radio signals having frequencies in a first range of 
frequencies, a second antenna (114) for receiv- so 
ing microwave signals having frequencies in a 
second range of frequencies ttiat are substan- 
tially higher than the frequencies in the first range 

of frequencies, means (304) coupled to the sec- 
ond antenna for substantially reducing the fre- ss 
quencies of the received microwave signals 
thereby generating intermediate signals, means 
(306) coupled to the frequency reducing means 



13. A mobile radio reception and radiation cellular 
site (106) CHARACTERISED BY a first antenna 
(115) for transmitting mobile radio signals having 
frequencies in a first range of frequencies, a sec- 
ond antenna (114) for receiving microwave sig- 
nals having frequencies in a second range of 
frequencies that are substantially higher than the 
frequencies in tiie first range of firequencies. 
means (304) coupled to the second antenna for 
substantially reducing the frequencies of the 
received microwave signals thereby generating 
intemnediate signals, means (306) coupled to the 
frequency reducing means for modulating the 
intenmediate signals on a radio frequency carrier 
signal, and means (308) for coupling the modu- 
lated radio signals to tiie first antenna. 

14. A nfiobile radio reception and radiation cellular 
site (106) CHARACTERISED BY a first antenna 
(115) for receiving mobile radio signals having 
frequencies in a first range of frequencies, a sec- 
ond antenna (1 1 4) for transmitting microwave sig- 
nals having frequencies in a second range of 
frequencies that are substantially higher that the 
frequencies in ttie Ttrst range of firequencies. 
means (311) coupled to the first antenna for 
reducing ttie frequencies of the received mobile 
radio signals thereby generating Intennediate sig- 
nals, means (313) coupled to the frequency 
reducing means for modulating the intenmediate 
signals on a microwave frequency canrier signal, 
and means (301) for coupling the modulated 
microwave signals to the second antenna. 
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